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SPHERICAL RE FT KrTTVF. SCT ^.^N Wrm POPT T5S ANn MFTHOn FOP 
MAlSfUFACn TRTNG TFTR SAME 

Technical Field 

Tht present invention relates to a screen for displaying an image with a high 
luminance and a reflectivity of more than 10%, ten times as much as the reflectivity (i.e., 1%) of 
a conventional screen, and more particularly to a screen for displaying, which directs toward the 
viewers only light (image) projected from a projector disposed at a focal point of the screen an5 
reflects off-axis light and defuses ambient light so that 10 times higher luminance is performed 
on the screen. The surface material of screen of the present invention consists of double-layered 
aluminum foil, on which friction face and diffusion lines are formed along the scanning 
lines. From mbbing the material's friction and diffusion face, the screen of the present invention 
gets 10-45% reflectivity so that it performs 10-45 times brighter and 2 times higher diffusion 
effect than the conventional screen. The screen of the present invention has improved as well 2 
times or more in viewing angle and 10-20 times in resolution. Also, this invention relates to a 
method of manufacturing the screen. 

Background Art 

As shown in Fig. 1, a conventional diffusion type plane diffusing screen 10 is 
configured such that light incident on the screen 10 is diffused in all directions. An image 
formed on the screen 10 is even, but has a reflectivity of 1% (generally, referred to as "1 gain")> 
flius being dark. Since the light incident on the screen 10 is diffused in all directions, the screen 
10 acts on light from all directions. Accordingly, the screen 10 has a reduced resolution due to 
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ambient light from all directions. 

As shown in Fig. 2, a plane reflective screen 20 with an improved siuface reflectivity is 
configured such that light projected from a projector is incident on the screen 20 at an incident 
angle (Z A) and then reflected from the screen 20 at a reflection angle (ZB) same as the incident 
angje (Z A), thus allowing a viewer to watch an image formed on the screen 2 in the range of C 
obtained by the reverse angle of the reflection angle (ZB). 

That is, a hot spot is formed in the range of C. As shown in Fig. 2, the image displayed 
on the screen 2 is bright only at a central portion, but is dark at other peripheral portions, thus 
being invisible at the peripheral portions. In case that the surface reflectivity of the screen 2 is 
ino-eased, the hot spot become brighter. On the other hand, in case that the surface reflectivity of 
the screen 2 is decreased, the hot spot will becomes darker and enlarger. 

Further, in case that the surface reflectivity of the screen 2 is high, a screen having a non- 
spherical shape cannot display an imagp with even luminance, thus displaymg uneven spots 
thereon. Further, since the screen having a non-spherical shape does not form an exact focus, 
this non-spherical screen cannot be used in a device requiring a high Iximinance. 

However, all spherical screens cannot increase the luminance of screens. Only when a 
spherical screen comprises an optical element such as lens and a reflective surface, a screen can 
obtain an imag^ with even luminance and high reflectivity over the whole surface of the screen. 

Accordingly, there is required a method for forming an optical constitution and a 
surface reflectivity suitable for the structure of the screen. 

Further, since the luminance of a screen is inversely proportional to the viewing angle 
of a screen, when a screen displays an image with a high luminance, the viewing angle of the 
screen is narrowed. The SCTeen with the narrowed viewing angle cannot be effectively 
operated. Accordingly, there is required a spherical screen, which can display an image with a 
high luminance at a wider viewing angle. 
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Discostire of the Invention 

Therefore, the present invention has been made in view of the above problems, and it 
is an object of the present invention to provide a spherical reflective screen, which displays an 
image having a even and high luminance with an improved reflectivity so that the viewing 
angle and resolution of the screen are improved more than two times, and a method for 
manufacturing the spherical reflective screen. 

In accordance with one aspect of the present invention, the above and other objects 
can be accomplished by the provision of a spherical reflective screen for displaying an image, 
comprising: 

a spherical surface with a radius of curvature of a drcle drawn centering around a point, 
and including a jfrictional surface and diffusing lines formed on one side of an aluminum foil by 
mbbing the aluminum foil, 

wherein a projector is located at a focal point of the spherical surface so that the screen 
displays an image with a high luminance and an improved resolution at an improved viewing 
angle. 

In accordance with another aspect of the present invention, there is provided a method 
for manufacturing a spherical reflective screen for displaying an image, 

wherein a factional surface and diffusing lines are formed on aluminum foil by rubbing 
two aluminum foils together in a longitudmal or lateral direction, and the aluminum foil provided 
with the factional surface and the diffusing lines is bent so that the aluminum foil provided with 
the frictional surface and the diffusing lines has a designated radius of curvature and serves as the 
spherical surface of the screen. 
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Brief Description of the Drawings 



The above and other objects, features and other advantages of the present invention 
will be more clearly understood from the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a schematic view of conventional plane diffusion screen; 

Fig. 2 is a schematic view illustrating a hot-spot phenomenon occurring on a plane 
reflective screen; 

Figs. 3a to 3c are schematic views of a spherical mirror, and more specifically: 

Fig. 3a is a schematic view of the spherical mirror onto which light at a position 
outside the range of a focus is projected; 

Fig. 3b is a schematic view of the spherical mirror onto which light in the range of the 
focus is projected; and 

Fig. 3c is a schematic view of the spherical mirror onto which light at a position inside 
the range of the focus is projected; 

Fig. 4 is a schematic view of a reflective screen in accordance with the present 
invention; 

Fig. 5 is a schematic view illustrating diffusing lines of the reflective screen in 
accordance with the present invention; 

Fig. 6 is a schematic view illustrating a process for forming a diffusing lines and a 
frictional surface on the reflective screen in accordance with the present invention; 

Fig. 7 is a schematic view illustrating a method for manufacturing a spherical frame; 

Fig. 8 is a schematic view illustrating a step of forming the spherical shape of an 
alumintmi foil during a process for manufacturing the reflective screen in accordance with the 
present invention; 
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Fig. 9 is a schematic view illustrating a method for manufacturing the reflective screen 
in accordance with the present invention; 

Fig. 10 is an enlarged photograph of an aluminum foil obtained by the present 
invention, as seen through a microscope; 

Fig. 11 is an enlarged photograph of a conventional aluminxmi foil, as seen through a 
microscope; 

Fig. 12 is a photograph illustrating the resolution of a spherical screen with diffusing 
lines formed thereon; and 

Fig. 13 is a photograph illustrating the resolution of a spherical screen without 
diffusing lines. 

Best Mode for Carrying Out the Invention 

Now, preferred embodiments of the present invention will be described in detail with 
reference to the annexed drawings. 

As shown in Figs. 4 and 5, a spherical screen 1 of the present invention comprises a 
reflective surface having a spherical shape (R) with a radius of curvature (Rl) of a circle drawn 
centering around a point (R2). 

The reflective surface of the screen 1 has a reflectivity of 10% at the minimum to 45% at 
die maximxmi, and preferably 10% to 30%. However, the reflective surface of the screen 1 is 
not limited thereto. 

hi case tiiat tiie reflectivity of the reflective surface of tiie screen 1 is less than 10%, the 
screen 1 caimot obtain a desirably high luminance. On the other hand, in case that the 
reflectivity of the reflective surface of the screen 1 is more than 45%, it is difficult to perform the 
following procedure for forming diffusing lines 6 and a fiictional surface 5 on an alununum foil. 
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That is, the reflectivity of the reflective surface of the screen is limited in the range of 10% to 
45%. Here, the reflectivity of 10% to 45% means that a screen luminance index is 10 to 45 gain. 

A focal point (F) is formed at a central point of the radius of curvature from the point 
(R2) to the reflective surface of the spherical screen 1. A distance from the focal point (F) to the 
reflective surface of the spherical screen 1 is referred to as a focal length. 

A projector 7 is located at the focal point (F). 

A projection length (Fl) of the projector 7 is the same as the focal length of the screen 1. 

As shown in Fig. 3b, light from the projector 7 located at the focal point (F), which is 
incident on the spherical surface (R), is straightly reflected on the spherical surface (R). Then, a 
viewer can watch a formed image in the range of CI obtained by the inverse angle of the 
reflection angle. 

As shown in Fig. 3c, light from the projector 7 located in the front of the focal point (F), 
which is incident on the spherical surface (R), is reflected on the spherical surfece (R) at an 
increased angle, thus causing a hot spot phenomenon. 

As shown in Fig. 3a, light from the projector 7 located in the rear of the focal point (F), 
which is incident on the spherical surface (R), is reflected toward the focal point (F), thus causing 
the visual angje (A) to be narrowed. 

The above-described cases relate to a spherical mirror vsdth a reflectivity of 100%. The 
screen of the present invention has a designated reflectivity and diEftising coefficient. In order to 
obtain optimized effects of improved viewing angje and resolution, since the hot spot is generated 
in proportion to the diflftising coefficient, the focal length from the focal point (F) to the reflective 
surface of the screen must be the same as the projection length (Fl). 

As shown in Figs. 4 and 6, the reflective surface of the spherical screen 1 includes a 
frictional surface 5 with a designated reflectivity and a plurality of diffusing lines 6 arranged in a 
lateral direction formed by mbbing two aluminum foils 3 together. The diffusing lines 6 serve as 
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diffusing surfaces. Then, a protective surface 2 is formed on the inner sides of the Motional 
surface 5 and the diffusing lines 6, and a supporting plate 4 made of plastic is attached to outer 
sides of the factional surface 5 and the diffusing lines 6. 

Here, the protective surface 2 is formed by coating silicon or acrylic resin on the iimer 
side of the fiictional surface 5 and diffusing lines 6. Silicon or acrylic resin is not an obstacle to 
the light projection of the projector 7. 

The protective surface 2 of Fig, 6 maybe formed by attaching a thin sheet made of 
Teflon to the outer sides of the factional surface 5 and the diffusing lines 6. 

Teflon is not easily contaminated by external dust, has a high hardness and a high 
resistivity to foreign substances, thus forming a solid screen surface. Further, fine laterally curved 
lines are formed on the screen surface in a longitudinal direction and then laterally overlapped, 
thus remarkably increasing the visual angle of the screen. 

The screen of the present invention is characterized in that the diffusing lines 6 are 
formed on the screen so as to obtain the desired viewing angle of the screen and the fiictional 
surface 5 is formed on the screen so as to obtain the desired reflectivity. 

Hereinafter, a method for manufacturing the above-described surface of the aluminum 
foil 3 provided with the diffusing lines 6 and the firictional surface 5 will be described in detail. 

That is, the diffusing lines 6 and the fiictional surface 5 are formed on the aluminum 
foils 3 and 3A by rubbing left and right aluminum foils 3 and 3A against each other and by 
transferring the left and right aluminum foils 3 and 3A between left and right upper rollers 9 and 
9A and between left and right lower rollers 11 and llA in rolling the aluminum foils 3 and 3A. 
Here, the diffusing lines 6 are formed on the aluminum foils 3 and 3A in the direction of the 
applied fiiction so that the fi-ictional surface 5 can have a reflectivity of 10% to 45% by adjusting 
pressure applied by left and right pressure rollers 10 and lOA. 

That is, the fiictional surface 5 with a reflectivity of 10% to 45% shown in Fig. 10 is 
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obtained by adjusting the pressure applied by the left and right pressure rollers 10 and lOA. 

In case that the reflectivity of the Motional surface 5 is less than 10%, the saeen cannot 
have high luminance efficiency. On the other hand, in case that the reflectivity of the fiictional 
surface 5 is more than 45%, the depths of the scattering lines 5 and the fiictional surface 5 are 
reduced in the above mbbing procedure. 

Fig. 10 is a photograph of the fiictional surface 5 with a reflectivity of 25% obtained by 
rubbing the aluminum foil 3 with a thickness of 20 - 100 micron, preferably 50 micron by the 
above-described procedure, which is enlarged hundred times using a monitor microscope. Here, 
the diflEiising lines 6 with a thickness of 10 micron are overlapped, thus allowing the screen 
provided with the fiictional surface 5 and the diffusing lines 6 to have a viewing angle of 60°. 

Fig. 11 is a photograph of the aluminiun foil 3 obtained by a conventional rolling 
procedure without the use of the above mbbing procedure. Here, the aluminiun foil 3 does not 
have scattering lines. 

Such an aluminum foil 3 obtained by the conventional rolling procedure has a 
reflectivity 25% as same as that of the fiictional surface, but has a viewing angle of less than of 
30°. Accordingly, it is difficult to practically use the aluminum foil 3 without diffusing lines as a 
material of the screen 2. 

For reference, light was projected onto the reflection surface of the screen of the present 
invention using a projector made by SANYO in Japan (Model No. plc-xp 41k), and the 
luminance of the screen was measured by a luminance measuring apparatus made by MINOLTA 
in Japan (Model No. LS-110). 

Hereinafter, a method for manufacturing the aluminum foil provided with the above- 
desoibed diffusing lines 6 and frictional surface 5 will be described in detail. 

As shown in Fig. 7, an abrasive compound 33 is supplied onto one surface of a member 
having a desired radius of curvature (R) required by the spherical screen 1, and then the surface of 



8 



the member is polished using a rotating abrasive plate 31 with the radius of curvature (R). 
Thereby, a spherical fiame 33 with the radius of curvature (R) is obtained. 

As shown in Fig. 8, one surface of the aluminum foil 3 is pressed onto such a spherical 
frame 33, thus allowing the aluminum foil 3 to have the radius of curvature (R). 

As shown in Fig. 9, the support plate 4 made of plastic is attached to the other surface of 
the aluminum foil 38 with the radius of curvature (R). Thereby, the spherical screen 1 is 
completely manufactured. 

As shown in Fig. 4, the spherical surface (R) of the screen 1 has the radius of curv^ature 
(Rl) of a circle drawn centering around the point (R2), thus allowing the screen 1 to have proper 
optical characteristics and reflectivity and locating the focal point (F) at a proper position. 

The relation between the focal length (F') and the length (R') of the spherical surface 
(R) is represented by an equation of F'=R'/2. 

Further, the relation between the projection length (Fl) of the projector 7 and the focal 
length (F') is represented by an equation of F1=F\ 

More specifically, for example, in case that the screen 1 has the size of 100**, the 
projection length (Fl) of the projector 7 is generally 4.5m. 

In this case, since the relation between the projection length (Fl) of the projector 7 and 
the focal length (F') is represented by the above equation of F1=F', the projector 7 is separated 
from the screen 1 by the distance of 4.5m. Then, since the relation between the focal length (F') 
and the length (R') of the spherical surface (R) is represented by the above equation of F'=R'y2, 
i.e., R'=:2F, the length (R') of the spherical surface (R) is 9m. 

Since the diffusing lines 6 shown in Fig. 6 are laterally formed on the frictional surface 
5, the lateral diffusing rate of light on the screen 1 is two times as high as the longitudinal 
diffusing rate of light on the screen 1. 

Accordingly, compared to the conventional screen, it is possible to increase the viewing 
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angle of the screen 1 two times or more as broad as the longitudinal viewing angle of the screen 1, 
Hie above light diffusing removes the occurrence of a hot spot due to the straight 
reflection shown in Fig. 4, thus allowing the screen 1 to display an image with a uniform 
luminance and increasing the viewing angje of the screen 1. The viewing an^e is an essential 
factor required in the screen 1. 

The spherical screen 1 of the present invention is configured so that the screen 1 receives 
light projected only from the projector 7 located at the focal point (F), and then displays an image 
using the received light via the whole suifece of the screen 1, but diffuses other external 
interfering light to the outside. Accordingly, the image displayed on the screen 1 is not 
influenced by external interfering light even in a bright space. Further, as a result of a test using 
a contrast pattern represented by the diffusing lines 6, the resolution of the image displayed by the 
screen 1 of the present invention is improved to two times as much as that of die conventional 
screen. 

For example, as shown in Fig. 12, the spherical screen 1 provided with the diffusing 
lines 6 has a high resolution so that even a letter in the size of a 4-point in an image displayed on 
the screen 1 is distinguishable. On the other hand, as shown in Fig. 13, the conventional 
spherical screen without diffusing lines has a relatively low resolution so that a letter to the size of 
a 10-point in an ima^ displayed on the screen is distinguishable. 

Accordingly, the resolution of the spherical screen 1 of the present invention provided 
with the difiusing lines 6 is improved more than two times as much as that of the conventional 
saeen. 

Industrial Applicability 

As apparent from the above description, the present invention provides a spherical 
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reflective screen, which displays an image having a high luminance with a reflectivity of 10% 
to 45% and forms an imag^ by means of only light projected from the projector located at the 
focal point of the spherical surface of the screen, thus enlarging the viewing angle of the screen 
more than two times via the fine diffusing lines laterally formed on the screen and improving 
the resolution more than two times via the contrast pattern represented by the diffusing lines. 

Further, the present invention provides a method for manufacturing a spherical 
reflective screen with improved viewing angle and resolution, which displays an image Avith a 
high luminance by forming a frictional surface and diffusing lines on an aluminum foil obtained 
by rubbing two aluminum foils together, so that the luminance obtained due to the reflectivity of 
the surface of the screen, and the lateral viewing angle and the resolution of the screen obtained 
due to the diffusing lines are improved, and by bending the aluminum foil provided with the 
frictional surface and the diffusing lines so that the aluminum foil provided with the flictional 
surface and the difliising lines has a designated radius of curvature and serves as the spherical 
surface of the screen. 

The screen of the present invention may be widely and effectively used as an 
educational screen for providing a clear image with a high resolution in a bright classroom, a 
conference screen for providing a dear image in a bright office room without the use of a curtain, 
and an advertising screen in a bright public place. 

Although the preferred embodiments of the present invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, additions 
and substitutions are possible, without departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 
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